Immunity has been considered one of the most specific of biologic reactions and it has been assumed that an infection induced by one organism within a closely related group does not immunize against another organism of the same group. The recent studies of Weil, Felix, and Olitzki suggest strongly that there is a group immunity between typhoid and enteritidis infections. The results here reported are based upon experiments made in an attempt to determine whether a crossed immunity exists between B. typhosus and B. enteritidis infections.
Immunity has been considered one of the most specific of biologic reactions and it has been assumed that an infection induced by one organism within a closely related group does not immunize against another organism of the same group. The recent studies of Weil, Felix, and Olitzki suggest strongly that there is a group immunity between typhoid and enteritidis infections. The results here reported are based upon experiments made in an attempt to determine whether a crossed immunity exists between B. typhosus and B. enteritidis infections.
In studies bearing upon the interrelationship of immunity phenomena two methods of approach are available; first, the serological method which is designed to show certain common factors in serologic response; second, crossed protection tests, such as would demonstrate an actual increased resistance to infection. Needless to say, the first of these methods has very largely been the method of choice, solely because of its relative simplicity and despite the fact that for a long time the validity of conclusions based upon this method has been subject to more or less criticism. In the studies here reported both of these methods have been applied. The first part of the paper deals with serology, and the agglutination reactions between B. typhosus and B. enteritidis are shown. In addition, and perhaps of greater importance, are the results of the bactericidal effect of immune sera on the two organisms. The second part of the paper deals with animal protection tests.
That the serological method, as applied to the problem, might serve in some measure to show the common character of the immunities induced by the two bacterial types under consideration was suggested by some of the recent reports dealing with organisms of this general class. The contributions of greatest significance are *Based upon a thesis submitted to the faculty of the Yale University School of Medicine in candidacy for the Degree of Doctor of Medicine, June, I929. A detailed description of technical methods and of the experimental protocols will be found in the original thesis. those of Felix and his co-workers, or those inspired by the initial work of this author.
Weil and Felix' have shown that B. typhosus and B. enteritidis possess heat-labile receptors which react with the large-flaking agglutinins of the corresponding immune sera, and heat-stable receptors which enter into reaction with the small-flaking agglutinins. The stable binding groups of B. typhosus and B. enteritidis are identical. These two types of bacteria differ from each other only in their labile receptors. If this is true it can only mean that these two organisms possess a common antigenic grouping, and consequently this common antigenic structure is reflected in a common antibody response. Thus it can be inferred that if immunity is in any way consequent to the presence of this antibody a crossed immunity must exist.
Felix2 has shown that in the clinical course of typhoid fever the large-flaking agglutinins show no relationship to the bacteremia or to the clinical course of the disease, while these manifestations of the infection do bear a close relationship to the small-flaking agglutinins. When the latter type of agglutinin appeared in the serum of typhoid patients Felix found the blood culture to be sterile, or that it soon became sterile. Fatal cases and cases of greatest severity developed none, or but very small quantities, of the small-flaking agglutinin. The lightest cases of typhoid produced either the largest or the smallest quantities of small-flaking agglutinin. Felix suggests that this offers a means of making a seroprognosis. He found no small-flaking agglutinins in the serum of people who had received the triple antityphoid inoculations, and he feels that our present method of immunization against typhoid infections is of doubtful value. He suggests a revision of the method. This strengthens the conclusion reached by Weil and Felix, since, apparently, the common antibody structure, that is, the small-flaking agglutinin, has a direct bearing upon the severity of the disease and upon its outcome. Felix agglutinins and possessed a strong bactericidal power. They found that immune sera containing both large-and small-flaking agglutinins were no more bactericidal than was an immune serum containing only small-flaking agglutinins, even though the large-flaking titer was high. By absorbing the immune sera with either B. typhosus or B. enteritidis heated for two hours at ioo0C. they found that all small-flaking agglutinins would be removed, and at the same time the serum became completely deprived of bactericidal power. The large-flaking agglutinin titer was left practically unchanged. The small-flaking agglutinin sera produced by B. enteritidis were bactericidal for B. typhosus in proportion to their small-flaking titer. It may be pertinent to observe that none of these results, with the possible exception of the studies of Fetix, represent observations based upon naturally occurring phenomena.
Herzog and Schiff4 observed that during a mass infection by B. enteritidis due to infected meat in a University Hospital one group of patients remained free. These were the typhoid convalescents. This finding is of the greatest interest, and is interpreted by Schiff as indicating a cross immunity between typhoid and enteritidis infections, such as he claims to have demonstrated experimentally in guinea pigs.
The above reports of cross immunity between B. typhosus and B. enteritidis infections are the only ones bearing directly upon the problem from the standpoint of resistance to infection. There are numerous reports upon the small-flaking agglutinin relationship between the two organisms, but none of these have a direct bearing upon the problem of cross immunity. It would appear that this question is an open one, and the following experiments were designed to afford some information bearing upon the problem.
The initial experiment was designed to ascertain whether immune sera produced through immunization with various types of bacterial vaccines The first serological studies were made upon guinea pigs, using different types of the antigens to determine whether or not there existed any marked degree of difference between the bactericidal properties of the sera so produced. The antigens used were living B. typhosus, B. typhosus killed by treatment with a saturated sodium chloride solution, living B. enteritidis, B. typhosus heated for 30 minutes at 52°C. on two consecutive days, B. typhosus killed by heating for one hour at 560C., and B. typhosus killed by heating at ioo0C. for two hours. Guinea pigs were immunized with each of these antigens, and bactericidal tests were made with each serum against both B. typhosus and B. enteritidis, using the method of Stern and Korte.
There appeared to be no essential difference in the six sera produced. For this reason only two of the protocols will be presented here. Tables I and II show the bactericidal effect of B. typhosus and B. enteritidis guinea pig immune sera on B. typhosus and B. enteritidis. While confirmatory of previously reported work, this experiment revealed a rather anomalous condition; that of an irreciprocal serological relationship between B. typhosus and B. enteritidis. Such a condition is difficult to understand in view of our concepts of antigen-antibody behavior and the general characteristics of specificity usually believed to be associated with serological reactions of this type. It thus appeared desirable to confirm this observation, and in so doing it seemed advisable to utilize, as antibody-producing agents, another species of animal, since in various studies hitherto made it has been shown that the antibodies produced to a given antigen may exhibit peculiarities in some way associated with the species serving for their production.
Rabbits were chosen for this experiment. One group of these animals was immunized with B. typhosus antigen and another with B. enteritidis. Bactericidal tests were made with each serum against both antigens. The behavior of all sera in each group was similar to that of the guinea pig sera, and but two protocols are included here. It will be seen from the above tables that both sera showed a marked bactericidal effect upon B. typhosus. The so-called NeisserWechsberg inhibiting phenomenon was present. It is perhaps noteworthy that this phenomenon was present when the B. enteritidis serum was in combination with B. typhosus, indicating that the phenomenon of inhibition is non-specific, just as is the positive phenomenon of bactericidal action. It would appear from the above tables that neither of the immune sera have any bactericidal effect upon B. enteritidis, and with this organism even B. enteritidis immune serum itself is devoid of this property. It is evident that both sera contained small-flaking agglutinins for both B. enteritidis and B. typhosus and these were of approximately equal concentration in the two sera. In spite of this fact, however, neither of the sera had any bactericidal effect on B. enteritidis. This result is entirely in accord with the results secured with the sera of immunized guinea pigs, and, like the results there found, is equally difficult to interpret. The possibility that the degree of antibody response was of importance was considered, and this was subjected to test.
Two normal male rabbits were selected and a preliminary agglutination test was made with the serum of each. Neither rabbit showed normal agglutinins in a i:io dilution. One rabbit was immunized with living B. typhosus and the other with living B. enteritidis, eight and ten injections respectively being given over a period of four months. Bactericidal tests were made with each serum against both B. typhosus and B. enteritidis. The reactions obtained with these sera conformed in every respect with those recorded in Tables III and IV, consequently these protocols will be omitted.
Both of these sera exerted a strong bactericidal action on B. typhosus, but both failed to show any effect on B. enteritidis. These results correspond with those in the earlier experiments and seem to exclude the question of mature or immature antibodies as being in any way responsible for the results. The fine-flaking agglutinincontent was quite high and of practically the same titer in both sera. The bactericidal effect on B. typhosus was nearly the same. The Neisser-Wechsberg inhibiting phenomenon was present in both sera when combined with B. typhosus. While these results differ in no material respect from those of the other experiments, one point which is brought out is worthy of comment.
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For some time there has been an extensive discussion concerning the question of the so-called essential identity of antibody. Upon the basis of the experiment just described, it is obvious that this theory may be questioned. Both the antityphoid and antienteritidis immune sera exhibited exactly the same behavior as regards the content in small-flaking agglutinins, nevertheless from the standpoint of bactericidins the action on the different bacteria is very outspoken. Obviously, the serum component involved in agglutination can not be the complex responsible for bactericidal action. This relationship can be expressed thus- The situation as regards the differential action in the bactericidal power is obviously not due to a lack of antibody in the serum, since the enteritidis serum is clearly effective with B. typhosus. The difficulty appears to reside within the enteritidis organism itself, which apparently is not susceptible to the bactericidal action of any serum, specific or non-specific.
This naturally raises the question as to what the mode of recovery may be, if serological in any respect, in infections due to organisms of the enteritidis group. Further, if we consider this aspect of the problem in connection with typhoid infection, the question may again be raised, if serological mechanisms are concerned, whether it is the agglutinin that is important or the bactericidin. Surely the mechanisms can not be the same in both infections, if the serological phenomena are of significance, or recovery in both cases is referable to some phenomena or principles entirely unrelated to the antibodies here under consideration.
Felix and Olitzki3 have reported that the small-flaking agglutinins are identical with bactericidins, basing this statement upon the fact that when the agglutinins are absorbed from a serum the bactericidal power of that serum is diminished or lost.
In view of the fact that the preceding experiment showed that the small-flaking agglutinin could be present in abundance in a serum (e.g. antityphoid serum vs. B. enteritidis) whereas that serum exerted no effect whatsoever in the bactericidal test with the same organism (B. enteritidis), it seemed that additional information regarding the nature of the reactions involved might be derived from absorption tests comparable to those employed by Felix and Olitzki3.
The sera used for the absorption tests were those of the two hyperimmune rabbits. The B. enteritidis immune rabbit serum was absorbed with living B. typhosus and the B. typhosus serum was absorbed with living B. enteritidis. After absorption each serum was filtered through a Berkefeld W filter and proved sterile by culture. Agglutination tests were performed with each absorbed serum against both B. enteritidis and B. typhosus. Bactericidal tests were made with each serum upon B. typhosus only, since these sera had no effect on B. enteritidis before absorption.
The tabulated data derived from these experiments need not be presented, since the results obtained were so clear-cut as to permit definite statements concerning the behavior of the antibodies involved. These experiments lend no support to the theory that the smallflaking agglutinins are identical with the bactericidins, and consequently evidence of their role in resistence is still questionable. This conclusion receives support from the work reported by Thjotta5, who showed that in an immunized animal there is produced, along   I33 with the antibodies, a complement-inhibiting substance which he believes to be separate and distinct from the agglutinins, precipitins, and bactericidal amboceptor. Its titer seldom reaches as high a degree as does the bactericidal amboceptor. Its action may be overcome by sufficient dilution, and if extra complement is added the serum will show bactericidal action. The undiluted, fresh, immune serum mixed with the homologous organisms show no, or little, bactericidal effect. The degree of inhibition is roughly proportional to the amount of complement added.
In applying bactericidal tests various methods have been devised, and it is a well-recognized fact that a given antiserumbacterium complex may yield quite diverse results with the different methods of testing. With this fact in mind, it was determined to subject two of the sera under consideration to test by another method -the looped capillary pipette method of Wright.
These sera were used, undiluted, with varying dilutions of cultures of B. typhosus and B. enteritidis. Normal rabbit serum was used as a control. The two immune sera and the normal control serum were inactivated at 50°C. for 30 minutes, consequently they were reactivated by the addition of fresh, normal complementing rabbit serum. A i:io dilution of normal rabbit serum was made, using the inactivated serum as diluent.
The results may be summarized by stating that the undiluted antisera had no bactericidal effect whatsoever while normal rabbit serum undiluted showed a slight effect against both B. typhosus and B. enteritidis.
In view of these results, confirmatory of those previously reported, it is indeed difficult to accept the bactericidal test as a criterion of the resistance of an immunized animal to a given infection. It is obvious from the experiments with the diluted sera that the higher concentrations showed less bactericidal power than did the lower. Undiluted immune serum was less bactericidal than was normal serum. It does not seem logical to assume that the mechanism in the animal body is the same as that in the test tube. The blood in the animal body is certainly not diluted, and if the test tube experiment is to be used as a criterion of resistance to infection the serum should show a bactericidal effect when undiluted as well as when diluted.
It is obvious from the experiments so far reported that B. enteritidis immune sera have no bactericidal effect on the homologous organism, while they do exert a marked effect upon B. typhosus. It is also seen that B. typhosus immune sera have no bactericidal power upon B. enteritidis, while they are competent to kill homologous organisms. If the bactericidal test is accepted as a criterion of immunity it is necessary to conclude that animals immunized with B. enteritidis antigen would be immune to infection with B. typhosus but not to B. enteritidis infection itself.
It would also be necessary to admit that B. typhosus immunized animals would be immune to B. typhosus infection, but not to B. enteritidis infection.
This conclusion does not seem logical, and the only deduction which appears valid in the light of the serological studies here recorded is that the serological method reveals a purely artificial condition and does not in any way serve to demonstrate a heterologous immunity between B. typhosus and B. enteritidis infection. The only adequate proof of such a cross-immunity is that to be obtained by direct animal protection tests: using both active and passive methods of immunization. Experiments of this type were undertaken.
In the initial experiments upon protection, guinea pigs were used. These animals were subjected to immunizing procedures, utilizing as vaccines living B. enteritidis, living B. typhosus, ioo0 B. enteritidis, and I00°B. typhosus.
In each of the experiments upon guinea pigs from two to six animals were killed prior to the immunization, and the heart blood and spleen were cultured. The bacteriological findings were completely negative, as were the gross pathological findings. These control studies were made in order to gain some assurance that the guinea pigs under study were not subject to a spontaneous infection by some member of the enteric group.
In all, five experiments were performed, in each of which a group of guinea pigs was immunized with different antigenic preparations. These animals, together with a control group, were then infected with B. enteritidis.
These experiments may be summarized in the following table, which omits a detailed statement of the bacteriological and serologi-I35 cal studies made. Table V represents several different experiments on guinea pigs. The animals were immunized with the different antigens as indicated, receiving 2 to 3 subcutaneous or intraperitoneal injections. The infecting dose of B. enteritidis was given intraperitoneally and ranged from I to 30 lethal doses (IO to 3IO million B. enteritidis from an i 8-hour broth culture). The animals which were passively immunized with B. typhosus or B. enteritidis immune rabbit sera were given i cc. of the serum. These sera had a high small-flaking agglutinin titer for both B. typhosus and B. enteritidis. From the above protection tests it may be concluded that either living B. typhosus or IoO°B. typhosus used for immunization purposes protects guinea pigs against from one to thirty lethal doses of virulent B. enteritidis given intraperitoneally. Also that the two vaccines give as good a protection as that produced by attenuated B. enteritidis vaccine. Furthermore, it may be concluded that neither B. typhosus antiserum nor B. enteritidis antiserum injected intraperitoneally I8 hours before infection with B. enteritidis protects guinea pigs.
In these protection tests the mode of infection was not a natural one. Hence the objection may be raised that the entire phenomenon represents a purely artificial one, and consequently can not be directly compared with conditions as they exist in nature. Since guinea pigs have epidemics of spontaneous B. enteritidis infection it was thought advisable to attempt infecting by the normal route.
This experiment was made by permitting each guinea pig to ingest a small piece of bread which had been soaked with a given dose of B. enteritidis. A series of guinea pigs was used and varying amounts of B. enteritidis, the dosage ranging from o.i cc. of an i8-hour broth culture to the sedimented growth of an entire Blake bottle were employed. The animals suffered no ill effects or loss of weight, although B. enteritidis was recovered from the spleen of each animal so fed thirty days after the infecting dose was given. This interesting observation, namely, that guinea pigs do not acquire a fatal infection when culture is administered by mouth, despite the fact that organisms may be recovered from the spleen, has been observed by K. F. Meyer6. The cause for this interesting situation is unknown and could well receive consideration.
After this unsuccessful feeding experiment an attempt was made to increase the virulence of B. enteritidis by infection by mouth. A series of passages by mouth was made with no demonstrable increase in virulence. It was thought that other strains of the organism might prove more virulent, but two more strains, obtained from the American Type Culture Collection failed to kill guinea pigs when administered by mouth in the above manner, although the organisms could regularly be recovered from the spleen. Since it thus appeared that with the guinea pig the desired phenomenon as regards infection could not be obtained the experiments were transferred to mice.
It is well known that mice may be infected experimentally by feeding. Therefore, these animals were used to ascertain if immunization with living B. typhosus and I000 B. typhosus would protect against B. enteritidis infection acquired by a natural route.
The mice used in the several experiments were obtained from different sources, and certain factors of variability may thus be introduced. But however this may be, the mice utilized in each experiment came from a single source. Because nothing was known about the different shipments it was considered advisable to culture several mice from each lot in order to detect an existing enteritidis infection if such were present. Six mice were cultured from each shipment and only one group of animals had to be discarded for this reason. This fact, however, should be taken into consideration in attempting to interpret the experimental work reported where this precaution has not been taken.
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Since it was believed that different races of mice might have a different susceptibility to B. enteritidis the lethal dose for each lot of mice was determined by feeding a series of mice o. I cc. of various dilutions of an i8-hour broth culture of B. enteritidis. The dose given was placed on a small piece of bread and the food of each mouse placed in a separate container. There was little difficulty in causing the mice to eat their enteritidis-infected bread when they had been deprived of food for I 2 hours prior to the feeding. In a preliminary test for virulence strain 904 seemed to be the most virulent for mice and was used throughout the following experiments. These several experiments are presented in summarized form only.
The following table (Table VI) The mice were immunized in the same manner as in the previous experiments with mice, but the mode of infection was by the intraperitoneal route; that route which had proved successful with the guinea pigs. As controls, guinea pigs were immunized in the same manner as the mice and at the same time. They also were infected by intraperitioneal injection. The immunizing dosage was proportional to the two species, considering that the guinea pigs were approximately forty times heavier than the mice. The infecting dose was as nearly as possible one lethal dose for each species of experimental animal. The results appear in the following Table. TABLE VII The mice were immunized by 3 subcutaneous injections of I,OOO,OOO living B. typhosus, of 25,000,000 OO°B. typhosus, or of 25,000,000 IOO1 B. enteritidis. The guinea pigs were given at the same time 40,000,000 living B.
typhosus, i,ooo million IOO°B. typhosus, or 1,000 million IOO°B. enteritidis. Careful titration of the lethal intraperitoneal dose of B. enteritidis for mice showed it to be 6ooo bacilli, for guinea pigs it was 62 million organisms. Twenty days after the last immunizing injection the mice and guinea pigs were injected intraperitoneally with the above lethal dose for each species of animal. This experiment shows that the mode of infection does not explain the problem of varying results in the guinea pig and mouse experiments. The guinea pigs were protected against intraperitoneal injections, the mice were not. It must be concluded from this experiment and others reported in this paper that there is a marked difference in guinea pig and mouse immunological response.
It would appear that an extended discussion of the results reported above is not essential since these experiments neither prove nor disprove the question as to whether or not a crossed immunity exists between naturally occurring B. typhosus and B. enteritidis infections. The results do, however, show a number of points bearing upon serological response, protection tests, and host reactions phosus rabbit antisera or by B. enteritidis rabbit antisera when these sera are injected I8 hours prior to the infecting dose. This lack of protection is uniform despite the fact that the sera administered are rich in small-flaking agglutinins.
8. With the B. enteritidis strain here used the guinea pig can be infected by oral administration, but the infection so produced is never lethal, in spite of the fact that actual bacterial invasion takes place, and cultures taken from the spleen are uniformly positive. This finding, consistently observed in the normal guinea pig, suggests that some mechanism of immunity is operative and is effective, and since the normal guinea pig lacks small-flaking agglutinins the mechanism of resistance to infection must be of other nature. This resistance is not associated with a prior spontaneous infection with B. enteritidis since the race of guinea pigs used in this particular experiment had been under study for a period of six years, and in no instance had there been evidences of either artificial or spontaneous infection.
9. Mice immunized with either living or I00°B. typhosus antigen are not protected against B. enteritidis infection when the infecting dose is administered by either the peritoneal route or by mouth, nor are they protected through immunization with IOO B. enteritidis antigen.
IO. There is, obviously, a distinct difference in the behavior of the guinea pig and that of the mouse with reference to their capacity to develop a resistance to B. enteritidis infection. The guinea pig can be immunized, the mouse can not.
I I. Perhaps the most significant conclusion is to the effect that a given method for effecting an artificially acquired immunity as revealed by serological response and protection tests may be valid with one species of animal, but does not necessarily hold with another species. Host response is of the greatest importance.
